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This  project  permitted  collaboration  between  Prof.  Erol  Basar  in  Lbbeck  and  Dr.  Bullock  on 
new  views  and  analyses  of  cognitive  Event  Related  Potentials  (ERPs).  evoked  oscillations 
(Induced  Rhythms,  IRs)  and  their  relations  to  the  EEG.  ERPs  have  been  found  for  the  first 
time  in  nonmammaUan  models  (fish,  turtles),  especially  Omitted  Stimulus  Potentials  (OSPs) 
and  oddball  ERPs  and  Mismatch  Potentials.  To  compare  the  dynamics  of  these  models  with 
human  ERPs,  a  new  series  of  human  subjects  has  been  run.  extending  the  range  of  inter 
stimulus  intervals;  this  showed  two  types  of  OSP  with  distinct  dynamics  -  including  a  short 
ISI  type  not  heretofore  recognized.  Basar  and  Bullock  co-edited  a  book  on  a  new  theme; 
’’Induced  Rhythms  in  the  Brain"  (BirkhSuser  Boston,  1992),  with  22  chapters  by  invited 
experts.  The  phenomenon  of  triggered  or  modulated  oscillations  has  been  known  for  more 
than  50  years  but  not  been  recognized  or  studied  as  a  category  of  brain  responses;  it  is 
now  under  active  investigation  in  ours  and  several  other  laboratories  as  a  possible  correlate 
of  certain  kinds  of  cognition. 
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This  grant  continued  the  coUatKiralion  with  l*rof  Fjrol  Bai^ar  {Merlical  Universit)  at  I  utxck 
Germany),  supponed  previously  by  AFOSR  89-0456.  This  report  covers  both  grant  penoiis 

Abstract 


This  project  permitted  collaboration  between  I*rof.  FTtil  Ba;^  in  Lubeck  and  Dr  BulUxk  on  new 
views  and  analyses  of  cognitive  Fvent  Related  Potentials  (FRPs).  evoked  oscillations  (Induced  Rhythms, 
IRs)  and  their  relations  to  the  FFG.  FRPs  have  been  found  for  the  first  time  in  nonmanimalian  models 
(fish,  turtles),  especially  Omitted  Stimulus  f’otentials  (OSPs)  and  oddhall  FRPs  and  Mismatch  Potentials 
To  compare  the  dynamics  of  these  models  with  human  FRPs.  a  new  .series  of  human  subjects  has  been 
run.  extending  the  range  of  interstiniulus  intervals,  this  showed  two  types  of  OSP  with  distinct  dynamics  ■ 
including  a  short  LSI  type  not  heretofore  recognized.  Ba^ar  and  Bullock  co-cdilcd  a  brvik  on  a  new 
theme:  "Induced  Rhythms  in  the  Brain"  BirkhUuser  Boston.  1992),  with  22  chapters  by  invited  experts 
The  phenomenon  of  triggered  or  modulated  oscillations  has  been  known  for  more  than  50  years  but  not 
been  recognized  or  studied  as  a  category  of  brain  responses;  it  is  now  under  aaivc  investigation  in  ours 
and  several  other  laboratories  as  a  possible  correlate  of  certain  kinds  of  cognition. 

Introduction  and  Rationale 


Little  is  known  about  the  basic  mechanisms  of  Evoked  Potentials  (HPs)  and  Fvent  Related  Potentials 
(ERPs)  -  known  to  be  useful  objective  signs  of  signal  processing  and  cognitive  events  in  the  brain, 
especially  their  distribution  in  the  brain,  relation  to  ongoing  EEG,  dependence  on  cognition,  and  uniquely 
human  attributes  (Ba§ar  1988;  Ba§ar  and  Bullock  1989  and  extensive  literature  referenced  in  the  original 
proposal,  dated  April  7,  1989).  In  view  of  the  unexpected  character  of  the  evolution  of  ongoing 
compound  field  potentials  (micro-EEG)  of  the  brain,  especially  the  cortex  (Bullock  and  Ba^ar  1988; 
Bullock  1988a),  and  of  the  comparative  neurology  of  expectation  (Bullock  1988h),  it  appears  likely  that 
new  insights  could  be  gained  by  examining  whatever  signs  can  be  found  during  administration  to  lower 
animal  models  of  the  applicable  stimulus  regimes  from  among  those  that  have  been  u.sed  on  human 
subjects.  Initial  results  from  experiments  on  rays  and  teleosts  have  been  reported  (Bullock  ei  al.  1990). 

Plan  of  the  Collaboration 

The  present  project  was  planned  to  take  advantage  of  the  mutual  interest  and  complementary  facilities 
of  Drs.  Bullock  and  Ba§ar.  They  can  collaborate  to  some  extent  by  mail,  telephone  and  fax  -  and  have 
done  so  extensively  in  the  past.  However,  this  does  not  realize  the  potential  of  the  collaboration  because 
each  laboratory  is  the  best  place  to  do  certain  experiments  and  analyses. 

93-04293 


Research  Conducted 


The  plan  outlined  in  the  proposal  had  to  be  curtailed  in  time  Bulkx;k  had  to  cantel  hjs  trip 
scheduled  for  September-Octubcr.  1989  a!  die  last  niinuie  because  of  lus  wile’s  licalih  and  ilit'  ncxi 
opportunity  to  spend  time  in  l.iibeck  came  in  May,  1990  for  10  days  The  secotul  inp  was  m  Sepictiihe! 
1992  for  18  days.  Then  Dr  C.  Ba^ar-Hroglu  came  to  i,a  Jolla  in  (Xtober,  19^i2  for  ?  weeks 

After  extensive  collaboration  by  mail  and  wire,  an  intensive  working  period  was  s[x*nt  m  each 
laboratory.  The  experiments  had  been  carefully  planned,  many  preparations  hail  bci-n  made,  everything 
was  ready  and  worked  smoothly,  a  large  part  of  die  staff  of  each  laboratory  was  involved  'Dus  inclutk-d 
in  Liibeck,  in  addition  to  the  principal  scientists.  Dr.  Canan  Ha$ar  Kruglu,  Dr  Tamer  DenuraJp,  Dr 
Martin  Schiirmann,  Dr.  Hike  Ralin,  the  engineer  Ferdinand  (irei.schuti',  and  dx;  technician  arxl  graduate 
student.  Mrs.  A.  Schiitt.  In  I  .a  Jolla,  the  lab  personnel  involved,  besides  the  principal  sciemisis,  were  Dr 
J.Z.  Achimowic/..  Dr.  J.C.  Prechtl  and  Mr  M.C.  Mc'Clune,  engineer. 

Among  the  significant  accomplishments  were  jxotracted  discu.ssion  of  old  data,  examination  arnl 
evaluation  of  new  data,  recently  gathered  by  each  of  the  scientists  named  above,  and  discussion  of 
important  priorities  for  future  research.  A  new  book  on  a  currently  fiot  topic,  “Induced  Rlnthms  in  tin- 
Brain",  was  co-edited  by  H.  Ba^ar  and  T.H.  BulliKk.  affer  recruiting  some  2f)  authors  of  contributed 
chapters. 

Experiments  were  carried  out  during  the  working  visits  all  day  every  day.  In  May  1990  these  were 
about  equally  divided  between  those  upon  trained  human  subjects  (the  above  named  postdoctoral 
associates)  and  those  upon  cats  previously  surgically  implanted  with  an  array  of  electrodes  in  the  strategic 
parts  of  the  brain,  by  Dr.  Canan  Ba^ar-Eroglu.  In  September  1992,  in  HUheck,  all  experiments  were  on 
human  subjects;  in  October  1992,  in  Jolla,  all  experiments  were  on  Red  Eared  Turtles.  All  these  joint 
experiments  were  supplementary  to  ongoing  experiments  in  each  lab  on  ^IditionaJ  subjects  A,s  a  result 
many  tens  of  megabytes  of  data  are  now  stored  in  the  computer.  The  continuous  ink  records  have  been 
scrutinized  and  those  epKichs  with  eye  blinks  and  similar  bad  places  selected  out.  Many  dozens  of  graphs 
have  been  computed,  and  plotted,  in  color,  both  as  average  potential  at  each  electrode,  before  and  after 
the  target  time  and  as  transfer  functions  of  the  first  derivatives  in  the  chosen  band  for  Uic  period  after  the 
target.  Tapes  of  data  and  printouts  of  plots  and  graphs  have  been  exchanged  and  new  analyses  and  plots 
have  been  specified  to  be  done  on  the  stored  data.  Several  papers  have  been  published  already.  The  still 
incomplete  analyses  will  result  in  additional  papers  besides  those  in  tJbc  bibliography  One  will  be  on  the 
Event  Related  Potentials  to  Omitted  Stimuli  at  different  interstimulus  intervals  (ISIs.  l/fiash  rates)  and 
degrees  of  regularity  in  the  human  (active  and  passive  paradigms). 

In  the  experience  of  Bullock,  the  facilities,  experience  and  team  available  in  l.iibeck  make  il  uniquely 
efficient  as  a  place  to  get  such  results,  both  on  the  human  subjects  and.  until  recent  complications,  on  cats, 
which  fron  practical  considerations  he  cannot  now  study  in  his  own  laboratory  in  I.a  Jolla. 

Principal  Findings 

1.  Nonmammalian  models,  such  as  a  turtle  as  well  as  rays  (elasmobranchs)  and  teleost  fish,  have 
good  ERPs  by  the  operational  definition  that  a  time  locked  response  to  a  stimulus  paradigm  causing  a 
cognitive  event  and  ERP  in  humans  is  an  ERP.  The  ERPs  studied  in  this  project  come  from  the  stimulus 
paradigms  of  omitted  stimuli,  oddball  stimuli,  and  mismatch  stimuli. 


2.  These  HKPs  in  nonni:uninals  ixcur  not  only  in  ilie  lorebrain  areas  iionioiugous  lo  luaitimalsan 
cerebral  cortex  but  also  in  Uie  inidbrain  lecluin  and  earlier  in  die  scnMiry  pathway  Ttus  mciutlcs  die 
retina  for  visual  stimuli  (the  omitted  stimulus  or  ilic  ixJdball  or  luisnialcfied  stinmlus  in  a  comtiuotung 
train)  and  the  first  sensory  relay  nucleus  in  die  medulla  for  tlie  elecirosensory  nuxlaliiy  b:ach  successive 
brain  level  modulates  the  KRP  it  receives  from  lower  levels. 


3.  The  omitted  stimulus  potential  (OSP)  in  nonatteniive  nunmammalian  subjects  tends  to  have  a 
constant  peak  latency  after  the  due-time  of  the  first  missing  stimulus,  of  ca  H)d  ms.  regardless  ol  tJvc  LSI, 
but  only  appears  to  ISls  up  to  ca.  0.5  s. 

4,  TTie  visual  OSP  in  the  ailenlive  human  has  two  ranges  In  dx*  range  of  ISls  up  it*  i)  3  s  it  acts 
like  the  foregoing,  nonmammalian  OSPs.  In  the  range  of  longer  ISls,  essentially  one  to  direc  secutids, 
the  OSP  again  has  a  nearly  fixed  latency  after  the  due-time  but  it  is  usually  350-550  ms  and  is  more 
sensitive  to  jitter  of  LSI. 
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